Maize (Zea mays L.) pollen can be stored up to several hours in inert medium such as paraffin oil. However, biological activity and genetic manipulation are almost precluded. In aqueous media, maize pollen loses viability within a few minutes when in conditions different from those promoting germination. We have evidence that viability of maize pollen can be preserved in a hypertonic aqueous solution at 0 °C. Detrimental if individually applied, low temperature and high sucrose concentrations, together, allow storage of maize pollen up to 10 to 12 hr in an aqueous medium. Such stored pollen can then germinate on agar medium. The lack of in vivo fertilization by liquid pollination, at first interpreted by an osmotic hypothesis, led us to the development of a new, rapid procedure for in vitro germination. Short-term storage of maize pollen in aqueous medium is now possible and should support new techniques of genetic manipulation.
G
ENETIC MANIPULATION of pollen, the male partner of sexual reproduction in plants, is of interest to researchers and commercial companies. Current pollen manipulation procedures (6) require the suspension pollen in a liquid medium compatible with pollen viability and, possibly, with chemical and/or genetic material (DNA). In spite of this stringent requirement, very little information is available about liquid media in which pollen can be stored while maintaining its viability.
Neuffer and Coe (8) discovered that mature maize pollen can be stored several hours in paraffin oil without loss of viability and fertilization ability, while viability was very short in aqueous medium. A paraffin oil technique has been developed for treating maize pollen with chemical mutagens.
Unfortunately many chemical mutagens and DNA itself are almost totally insoluble in paraffin oil. A few techniques of water delivery and micro-manipulation of maize pollen in oil have been developed recently (7).
In vitro germination media developed for maize pollen recommend aqueous solutions containing 0.3 to 0.5 M sucrose, 300 mg L -l CaCl2-2H20, and 100 mg L -H 3BO3, in single drop on a cover glass, or gelled with 6 to 10 g L -~ Noble agar (2, 3, 4, 10) . Such an osmotic liquid medium has been used to suspend genomic DNA and to make a paste of pollen which is applied immediately on the ear silks (9). In other approaches, a suspension of germinating pollen in a similar germination medium with DNA has been placed (5) or sprayed on the silks (13). The reduced seed set observed is generally attributed to the rupture of pollen tubes resulting from these pollination techniques (6).
The short viability of maize pollen in these media, in conditions different from those promoting germination, very likely prevented, up to now, experiments by electroporation, laser perforation, and particle guns (12). the present note we report some evidence on maize pollen that led us to develop an aqueous storage medium and a new, rapid test for in vitro germination.
Experimental
The starting point of this investigation was the observation that pollen bursts in different aqueous media. A usual liquid germination medium has been noted to be absolutely unsuitable for obtaining viable suspensions of maize pollen. Apparently, because of the rapid hydration, many pollen grains burst before germination. Pollen bursting seems to be the first reason for the reduced seed set occurring when pollen suspensions in aqueous media are used for in vivo pollination.
Therefore, considering the avoidance of bursting as a prerequisite to preserve pollen viability in water, the sucrose concentration was gradually increased to 1 M (340 g L-l), at which molarity pollen suspensions appeared to be stable. In such pollen suspensions, no germination was observed at room temperature in vitro or in vivo; however, if pollen was suspended in cold medium (0 °C, pollen/liquid volume 1:10) and stored ground ice, germination percentage and tube elongation, often higher than those of native pollen, could be obtained by putting one drop of pollen suspension on a usual, semi-solid germination medium.
These findings have been generally observed on field shed pollen (noon collection), regardless of the genetic stock, day of shedding, temperature and relative humidity. Moreover, pollen remained viable for several hours: the storage length depended on pollen source and time of collection during the day. These effects suggest that Germination was assessed on gelled medium (0.5 M sucrose, 300 mg -t CaCI2-2H20, 100 mg L -t H3BO3, 7 g L -t Bacto Agar CaCI2, 100 lag L -t H3BO~) and germination percentage was calculated from 300 to 500 grains distributed in 5 to 7 randomly selected microscopic fields. Ambient temperature: field 35 °C, laboratory 24 °C. the water content could influence pollen storability in hypertonic aqueous solution (1). Pollen germination percent for an inbred line, 30 min. after collection, is given in Table 1 . Pollen was collected in the field around noon. Part of the pollen was kept in a glass petri dish at room temperature (field 35 °C, laboratory 24 °C) in uncontrolled conditions of relative humidity; part of the same pollen was suspended directly while in the field in the different liquid media specified in the Table 1 . Germination was assessed on gelled medium containing 0.5 M sucrose, 100 mg L" 1 HaBOa, 300 mg L-1 CaCl 2 -2H 2 O, and 7 g L" 1 Bacto Agar (Difco, Detroit, MI). Untreated pollen was simply dusted on the gelled medium, while a drop of pollen suspensions was put on the same medium. One hour later 300 to 500 grains distributed in 5 to 7 randomly selected microscopic fields were scored for germination.
Interactions of low temperature and hypertonic conditions were obvious. One hour after collection, the germination percent of pollen stored in aqueous medium in any conditions different from 1 M sucrose and T = 0 °C was reduced to <1%. Pollen germination percent after different times of storage in the hypertonic solution at 0°C is given in Table 2 . In this case, an abrupt loss of pollen germination was observed after 10 h of storage.
Our findings suggested that a cold hypertonic solution provides good storage conditions for maize pollen and that the high sucrose concentration seems to stabilize pollen water content. Seed set, however, has not been obtained with such pollen suspensions placed directly on maize silk. Thus, we hypothesized that, unlike gelled agar medium, maize silk does not contain enough free water for pollen in this storage medium to completely hydrate.
To verify this "osmotic" hypothesis, we amended the 1 M sucrose-pollen suspension with 300 mg L" 1 CaCl 2 • 2H 2 O and 100 mg L~' H 3 BO 3 . Pollen germination was then assessed by adding to the pollen suspension (solution A), increasing amounts of a solution 0.5 M sucrose, 300 mg L~' CaCl 2 -2H 2 O, and 100 mg L" 1 HaBOa (solution B), to gradually reduce osmolarity.
Prompt germination, within a few minutes, appeared when the following three conditions were simultaneously met: (i) the volume ratio of solutions A/B was 1:9 (0.55 M sucrose); (ii) pollen grains were spread on a support (e.g., a drop of mixed solution was put on a microscope cover glass on wet paper in a petri dish); (iii) the sample was allowed to reach room temperature (in our case 24 °C).
This very simple germination test can successfully replace the semi-solid method in petri dishes, for pollen stored in aqueous solutions. Both storage and recovery solutions can easily be optimized with respect to the genetic source of pollen (11). For instance, H 3 BOa can be omitted in the recovery solution, for the inbred line reported in Table 1 . Indeed, storage and recovery solutions could be used to deliver chemicals or genetic material. By adding fluorescein diacetate to the recovery solution, we observed a total coincidence of germination and the fluorochromatic reaction. Finally, viability extended for several hours may allow any other manipulation techniques (e.g., microinjection, electroporation, laser perforation, particle guns, etc.).
Unless a loss in the aqueous medium of some still unknown chemotropic factors in maize silks [e.g., "hydrotropism" (7)] prevents fertilization, a modification of the storage medium before pollination and/or of the pollination technique itself should lead to seed set, using such pollen stored and manipulated in aqueous solution.
